Logical Expressiveness of Semantic Web Languages for Bibliographic Information Modeling by Wickett, Karen M.
Logical Expressiveness of Semantic Web Languages for
Bibliographic Information Modeling
Karen M. Wickett
Graduate School of Library and Information Science, University of Illinois Urbana-Champaign
501 E. Daniel Street, Champaign, IL 61820, USA
wickett2@illinois.edu
ABSTRACT
The Semantic Web promises powerful new functionality for
bibliographic databases by combining bibliographic informa-
tion with knowledge about the world. However, the kinds of
representation that are possible in Semantic Web languages
are not widely understood in the LIS community. In partic-
ular, the W3C Semantic Web ontology languages RDFS and
OWL are not sufficiently expressive to deliver the full range
of inferences anticipated for bibliographic applications, and
will require formalized rules from other specifications.
1. INTRODUCTION
The LIS community has taken notice of the potential of Se-
mantic Web technologies for bibliographic information mod-
eling. In contrast with the characteristic focus of the library
automation movement on the bibliographic record as a sin-
gle unit of description, Semantic Web technologies such as
the Resource Description Framework (RDF) take a modu-
lar approach, where descriptive information is represented as
assertions relating individual things. The reconciliation of
these distinct approaches to modeling bibliographic informa-
tion is underway and has required building a shared under-
standing what bibliographic entities there are and what rela-
tionships obtain between those entities. This movement in-
troduces exciting possibilities for bibliographic systems that
make use of knowledge about related entities and the world
at large to enhance discovery and access. However, the capa-
bilities and limitations of Semantic Web languages for mod-
eling and inferencing are an important aspect of the move-
ment that is still not well understood by the LIS community.
2. LIBRARIESANDTHE SEMANTICWEB
Considerable progress has been made in developing the shared
understanding necessary for distributed bibliographic infor-
mation modeling and inferencing. IFLA’s Functional Re-
quirements for Bibliographic Records (FRBR) and the lively
discussions around it have had a profound effect. A Dublin
Core Metadata Initiative community is currently working to
unite library cataloging practices with Semantic Web tech-
nologies by publishing descriptive elements from Resource
Description and Access (RDA), the latest Anglo-American
cataloging code, as properties in the Resource Description
Framework Schema language (RDFS) [1].
However, the real promise of using Semantic Web technolo-
gies for bibliographic information modeling lies in more than
the representation of library cataloging data in RDF triple-
stores. What is particularly exciting is not the RDF rep-
resentation itself, but the kind of systems for description
and access that can be built to exploit such a representa-
tion. The Semantic Web vision is so captivating because
of the potential for using information about related objects
to perform inferences that lead to new knowledge about an
object. This suggests search and retrieval systems that go
far beyond the restricted capabilities of keyword search and
Boolean combinations. Several authors have noted the pos-
sibility of using ontologies to perform inferencing tasks with
respect to descriptive bibliographic information [1][2]. They
propose, for example, a situation where classification terms
are assigned automatically based on some set of related de-
scriptive information.
In addition to a shared vision of the bibliographic domain,
we must establish a solid understanding of the kinds of in-
ferencing and representation possible within the various Se-
mantic Web languages. This is a simple task compared to
developing consensus about the conceptual makeup of the
bibliographic universe. Unfortunately the logical capabili-
ties and limitations of these languages remain poorly under-
stood in the LIS community. It is essential now to move
this discussion forward and address the kind of Semantic
Web knowledge representation that would be necessary to
perform intelligent inferencing on bibliographic data. We
take an example from a project to model one kind of bib-
liographic information: the relationships between metadata
assigned to collections and metadata assigned to items in
those collections. Our analysis leads to the conclusion that
ontologies of the sort that can be articulated with OWL may
not be sufficiently expressive on their own to represent the
knowledge necessary for generating inferences of the kind
mentioned above.
3. MODELINGABIBLIOGRAPHICRELA-
TIONSHIP
Three categories of relationships make up the main body of
the Collection/Item Metadata Relationships (CIMR) frame-
work: attribute/value propagation, value propagation, and
value constraint [6]. The categories are defined in first order
logic with formulas which characterize attributes as two-
place predicates where the first argument is the object of
description and the second argument is the value of the at-
tribute for that object. For example, the informal definition
for value propagation –
Def v-p 1: an attribute A v-propagates to an
attribute B =df
if a collection has the value z for A, then every
item in the collection has the value z for B
is expressed in first order logic as:
Def v-p 2: an attribute A v-propagates to an
attribute B =df
∀x∀y∀z[(IsGatheredInto(x, y)&A(y, z)) ⊃ B(x, z)].
In order to make these descriptions widely useful in the de-
sign of search and discovery tools, the project architects sug-
gest using the Web Ontology Language (OWL) to encode
categories and inference rules. The inferences that would be
supported by value-propagation are in line with proposals
for systems that make use of information about related ob-
jects to create new facts. In this case, information about a
collection and the fact that some item is a member of that
collection are used to infer information about the item.
OWL is a powerful Semantic Web language, equipped to
allow the description of complex concepts using logical con-
nectives and the specification of a property as the inverse of
another property [5]. OWL is also known to be expressively
equivalent to a description logic with appealing computa-
tional properties [4]. As such, it is possible to express both
facts about individuals and facts about classes and relation-
ships between classes. OWL is well known for incorporating
class constructors that correspond to the full set of connec-
tives from first order logic. This gives the impression that
the language (or at least OWL Full, the most expressive
level) can represent anything that can be said with first or-
der logic.
However, this is not the case. Despite the high expressive
power of OWL, especially in comparison to other Seman-
tic Web languages like RDF and RDFS, it is not possible
to express definitions like the one given above. Inferences
using value-propagation will depend on the use of the same
value for some collection-level property and some item-level
property. The essential feature here is that while this value
is not known, the case can be described generally using an
individual variable (shown in this example as ”z”).
OWL allows for the description of classes based around par-
ticular individuals, but does not allow the use of an un-
known individual (i.e. a variable) to describe a class [4].
The problem comes down to the fact that the information
in the definition of value propagation is in the form of a gen-
eral inference rule, and is therefore out of the scope of OWL.
In order to incorporate this information to build a Semantic
Web system for bibliographic services, it would be necessary
to use a formalism designed around expressing rules, such
as the Semantic Web Rule Language (SWRL) or RuleML.
Rule languages operate on a basis drawn from logic program-
ming and can express conditional statements that make use
of individual variables. There is a known division between
what can be expressed in a description logic and what can
be said with a system equipped to express rules [7] and ma-
jor consequences with respect to the computational require-
ments for using a rule language. These issues need to be
understood in order to build systems that fully exploit bib-
liographic information in a semantic web environment.
In some sense, considering the form and function of the def-
inition for value propagation as shown above, it is not at all
surprising that expressing the full CIMR framework would
require a rule language. However, the LIS community has
maintained that problems related to rules, and the proof and
logic layers of the “Semantic Web Layer Cake” were far off
in the future [2]. Now it seems that they are just around the
next bend.
4. CONCLUSION
Scholars and system builders in LIS need to understand the
expressive requirements for creating advanced bibliographic
management systems that fully utilize the information and
technology at our disposal. Many issues with important con-
sequences for such systems remain poorly understood within
the LIS community. In addition, Semantic Web languages
such as OWL and SWRL are recent recommendations and
still undergoing revisions. We cannot afford to miss the op-
portunity to inform the development and refinement of these
languages and bring about a kind of collaboration that will
be very beneficial for both communities [3].
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